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METHODS OF PRODUCING ANTI-ANGIOGENIC PROTEINS 



RELATED APPLICATIONS ,™ s/ ,« 9 2 
This app.ica.ion is a c„n,,nua.io„ of tntemationa. appltcat.cn ™™ 

5 f.,ed Apr,, 22, I99S, and 60,108,536, ftled November ,6, 1,98, the enure teach.ngs of 
all of which are incorporated herein by reference. 



BACKGROUND OF THE INVENTION 

The prognosis for metastatic cancer remains highly unfavorable. Desptte 
nances in radiation therapy and chemotherapy, the long term — 
,„ patients has shown only marginal improvement over the pas, few 

igmftcan, treatment options available for metastatic cancers emphasrzes the need to 

^^^^^^^^^ 

mod e, systems (Bat.he - a, (19,5) «, / Cancer 7,257-67; B.cKne * ( 9 ^ 
15 Onco, 5 (Suppl.) 4:45-50; Fan - al (.995) Trends ^acol Sc. ,6:57-66, Torpe 

, t; „ aa- 1 74^ In a nude mouse model, tor 
Thnmp P E (1994) Pharmacol. Ther. 64.155-/4). in a uu 

The growth of so„d tumors beyond a few mm 1 depends on the formatton of new 
b,ood vesse.s (Fotaan, I (1971) TV. J. Med 285:1.82-86). Numerous stud.es 
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i metastatic growth are angiogenesis-dependent 

,. (,996) to A* "5-150 )■ ^ fl( (1990) Scje „ ce 

2 47:77-79; Gupta * al > „ „, (1995) , &P . Mrf 

inter feron-induc,b 1 epro.e,n- 1 0,a„dPEX(A, g ,o ^ 

7931 ^ ° Re,,1, 1 by „, m or-,„ f *a,in g manages m ^ 

inhlb i t or of ar,g,ogenes,s gener<^ ^ ^ ^ ^ , 

■„ , i (\qqa\ Cold Spring Harb. Symp. yuan 
k «7.5277-80; O'Reilly efa/. (1994) Lota of 5 13 29-34; Wu 

15 ft>n r 7Q-273-94- Sim et al. (1997) Cancer tfes. 57.132V 

O'Reilly, M.S., (1997) Ex, 79.273 94 S ^ ^ 

ninnhvv Res Commm. 23b.Mi 
et al. (1997) Bwphys. Res. anp w ene sis inhibitor from a 

mu „„e hemangioendotheuoma ceU hue (EOM > ^ ^ 
no detect .uruor (Wu - a/. (.997) ^ 
^ofcoUagenXVm. B— - -spec — 

fibrosarcoma. B16 n— and EOMA « ^ ^ rf ^ 
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The res* from these angios.a.in and endos,a,in studies open new avenues for 
lr ea.me„. of cancer and provide prom.sing routes for overcomtng the drug reststance 
often seen during chemotherapy. However, in a,, of these inventions, a n„n-refo,ded 
prec.pita.ed for™ of the inhibitor protein was adm.nis.ered in the form of a suspense 
5 to tumor beanng animals. In additton, large amounts of protein were required to cause 
tumor regress.on and to lead to tumor dormancy. As pointed out by Kerbel (( 1997) 
Na,ure 390:335-36), oral drug equivalents of these proteins are needed. Mechanic 
investigations could be undertaken if recombinant forms of these protetns were 
avatlable ,n soluble form. Moreover, ini.tal testing could be done in ,„ro with soluble 
10 protein before studying its efficacy under in vivo conditions. 

Furthermore, there have been reports tha, despite the great promise held by these 
proteins, evaluation of their clinica, potential is stymied due to difficu.ties in producng 
enough of the protetn to test, and inconststen, test results regarding thetr ant-angtogeme 
properties, e.g., anti-angiogenic activity (King, R.T., Watt Siree, J., Page 1 , Nov. .2 
,5 0998)- Leffe, D.N., BioWorU Tc*y, 9:1. Oct. 20 (1998)). There clearly exists a. the 
present time a great need for a reproducible method of producing soluble forms of 
anti-angiogenic proteins with sufficient biological activtty to be clinically effective and 
t „ rehably produce these protetns in high yields wtthout sacrificing such critical activUy. 

SUMMARY OF THE INVENTION 
20 The present invention relates to the discovery of a reproducible method of 

producing antt-angiogenic proteins with biological activtty sufficient to be dinically 
effective As described herein, the anti-angiogenic proteins encompassed by the present 
methods are reproducing produced in high yields (for example from ,0 ,o 20 mg/H.er 
of culture medtum. Importantly, the antt-angtogenic proteins produced by the methods 
25 described herein retain high biological activity. 

Anti-angiogenic proteins are well-known to those of skill in the art. For 
example, angiostatin, endostatin, the .6 kD prolactin fragment, RNAtsn, TNP470, 
2-methoxy estradiol and heparin, to name a few. As used herein, the term 
■•anti-angtogemc pro.e,n(s)" encompass no. only intact proleins, bu« mutants (e.g., w„„ 
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amin o acid res.dues added, de,e,ed or altered), fragments (e,- ^cinc* w„h am no 
prot ease degradation, and fus.on proteins wherein the fusion protems compose a 
5 endostatm, or biological,, active fragments of angtostatm and endostatm), or an 

i u i;„ mnlwule (e a endostatm and IgG, specmcauy 
combination with an immunoglobulin molecule (e.g., 

^ The term "fusion protein" as used herein can also 
with the Fc portion removed). The term iuwu F 

wh erein a po,yn„c,e„,Me encoding .He chemotherapeutic agent ,s hnked .o *e 
p o, y nuc,eo.me encoding the anti-angiogemc pro.etn. Fusion pro.ems can also 
encompass muUrmers of the anti-angiogentc protein, e.g.. a drmer or tnmer of 

Herein can be posMrans.afional.y modified to encompass targeting motetres (e.g., 

or radiotsotopes. Addition, post-trans.ationa, modifications can mc.ude 

• • , bv chemical cross-linking using techniques well-know to those 

mu.timenzatton, e.g., by chemical cr 

20 ski., in the art. However, for brevity, the term "anti-angtogenic protetn ,s 

E co m passedby,hepresent,„ven„o n areme«hodsofprod U c,„gab,„,og,ca„ y 

25 encompassed is the use of a yeas, expression s y s,em, more specfical.y the 

ragmen, or fuston protern thereof, rnto a suitable expresston vector e.g. ok^ 
3 „ euka^otic. Spec,fica„ y encompassed h y the present tnvention are yeas, expression 
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• ' 5 ' t ,hoseofskilHntheart.A 

M known to those u 

•tome expression vectoi mP7 aA plasrmd wnerc 

particularly suable exp ompr ising pP^A P 

pU** -ta- a »*> ^ , he a „, a „d nove ^ ^ 



10 Anglog^c^ designate U.S. b. ' lnser tmgthe 

, ■ + ^ the vector, ui c 
desc nbed h e« m . leotl de ,n.o ^ (e *. 

20 ann- a ngiogenicP^ nSare ^-angiogenic 
pCT Hterofculture^. leotide ^ers 

ta one embodiment, the ideU nlcerencodmgapeP 

25 oneaddUionaHodo amino adds. W butc a„alsobe 
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• mnlneical activity to anti-angiogemc proteins 

produced by Cher expresston methods. » 
10 pr o,ems produced in this embodiment are about tO-20 mrlhgra 

medium ' ■ thp eukarvotic vector comprises 

In another embodiment of the present invention, the eukaryot 

bou, 5 20his«idines. Surprisingly, this His.tag does not comprom.se 
typ ,ca.ly about 5-20 h,s„d ins produce<) by the methods 

on a nti-aneioeenic activity. In fact, the anti angiug v 

iredherei„e X h,bUs U penorb,o,o g ,ca 1 ae,ivi,, m .,an,ogemc P roe,n 

^icaiiy produced a, coneentrationsofabouttO^Omihtgramsperhterorcuhure 

, • Snmrisinalv the proteins produced by the 

produced by the methods descnbed herem. Surpnsmgly 

• ^„r^ in hieh yields and have biological acuvuy 
30 methods described herein are produced m high yi 
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u v >,l ..fficacv of these proteins to inhibit (completely, or 
sufficient for testing the clinical efficacy 

substantial reduce) unwanted angiogenic activity. 

Furtherencompassedbythisinventionaremethodsofusingtheant, a g g 

t • Iced by the methods described herein. For example, the anti-ang,o g en,c 

h ■ »ch treatment would resu.t in the regression, partial, or complete, of 
tum0 rs wherein such treatment 

the tumor. These proteins can also be used to treat other 

oogenesis as descnbed herein compris|ng „ 

Further encompassed by the present 
10 effective amount of an anti-angiogemc protein produced by the methods escribed 

uif; n fnr pxamole the endothelial cell 
tn reduce a biological effect by one-half, m for example, 

" bytheprese„« i nven,nareme,hodsof U s,ng,e 

• ♦ • bribed herein to inhibit undesirable angiogenic activity, 
anti-angiogemc proteins descnbed herein to ^ he lial cell 

*a tw the nresent invention can inhibit endothelial ceil 
Th e methods encompassed by * P- ^ ^ ^ ^ 

25 migration, inhibit tumor growth ,n mamm , ^ ^ ^ 

cell cycle, and induce apoptosis in endothelial cells. 

30 cancers and tumors. 



1440.1031010 



proteins 
proteins are now 



10 



As a result of ,he inventton described here,, q-ntuies of a„„-an g ,o g en,c 
I t denvatives and fragments «-of, as well as an,,-an g ,o g eruc f-n 

h „ The unexpected and surprising ability of. heseanti-angrogerac 

mankind. 

RR1FF DESCRIPTION OF THE DRAWINGS 

;reUsasc h e m a t icdiagra m oft h e«c,,^- expression vector. 

VeC,0r Figu re,isasc h e m at,creprese nl a«iono t ,bec 1 o„in g o f e„dos,a ti nu Sm g,be 

^^^^^^^^^^ 

nrotein sequences for the produced proteins. HTH 

sol ub,lized protein containtng 8 M urea was loaded on a Ni 

pro ,ei» was eiuted by decreastng the pH of the elut.on buffer. (•) P« 

SOS PAGE KD amar te ,owrn„,ecu,arweigh,pro,e.n standards ares owna left. 
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,■ ,„ 46 and 69 kDa were also seen. When the prolan was 
complexes correspond..* .0 46 and ^ ^ 

red „ced w,,h DTT, all .he higher molecular we.gh. complexes 

Flg „re7A shows P 

5 using a heparin-agarose column. The concen o 3 0 6, 1 and 2 M was used 

t0 cl „,e bound endoslalin from ,he column. The elu.e 

pertute . ( , C oncen t ra,.o„o fN aCl,o,Ahsorhancea ™~ ^ 

n fi-ntn the Ni-NTA column. A step-wise 
from .he column. (•) Concentra ^ 

stimul us. Each value is a mean o tr,p to* cu ^ ^ ^ 

and error bars represent s,andard dev.anon. DNAsyn 
considered as ,00%. The expenmen. was repealed more Ihan 4-5 

conditions. 
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and UB concentra ,ions of endostatin 

W ere added on the nylon mesh and vessel grow 

Figure 12 shows the neutralization 
fibronecttn-coated p.ate was seeded w„» C- AE =" mixed wi , h 

» »• Them ' XtUrcWaS II^ Each vaiue ,s a mean from 

synthesis was measured by adding 

wift recombinant e„dos«a«n. Athymc n ^ 
» — — ^ C:^— --^aUO^onada,, 
basis. The tumor stze was measured 

r ^ri;ffprpnt mice m each group dnu in 

25 represents S.E.M.; (o) control PBS, ( ) 

from ye as, ; (□) Hts.ndos.atin from bacten, ^ ^ 

Fig ure ,3B shows atbymtc nude tn.ce carrytng 786 

„i iniection of endostatin was given at 20 mg/kg 
ln,ra " P : 0 w " onaH m ,eda y su S ,n g aca„perand.umorv„,umewas 

30 tumor size was me^uitu 
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, • W « length x 0.52. Each time point represents 
emulated us,n 8 the standard fonnula wtdth leng ^ ^ ^ 

, fmm five different mice in each group, (o) control t 
the average from live ,»> Hi < EM 2 from bactena. 

from hactena; (A, His.EM . from bactena; -E ^ 

5 expressed in usmg a h pan 8 Qn , he y . Mi , A 

step-wise gradient of NaU from for 

10 fraction .5-16). The eluted prote.n was coilected ^ ^ ^ 

p eaxs were observed, one a, about fractron 4 and he - « ^ 

„ to left. Six lanes are shown. Lan co ^ ^ ^ 

15 wash; lane 4, fraction 3, elu.ed under 0.2 M NaC , 

fractlons W and 20, respective,,, whrch were eluted ^ ,nh,it,on of 

, c * ^ 1 are bar graphs showing endostatm mc 
Fig ures ,5A and ,5B are b g P ^ ^ ^ (Rg 

endothelial cell proliferate m HUVE ( I m ng/ml , and 

20 the y-axis shows 'H-thvrmdine incorporation as a pereenta 

aff ects cells in S phase. Growth arrested HI* ^ ^ 

25 micrograms/ml. The cells were grown ml /.PCS a 

bFGF. M „ 90 (B) and Wi-38 (C) cells 

F , gu res 16B and 16C show non-endotheha. MR-90 (B 

• e/mi of human endostatm and processed <u> 

were treated with 10 micrograms/ml of human 

herein. 
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F , gure , 6Dsh ow S H U V E cens ra e t ^ W , lhl 0 m ,c rogram s /m >o fton 
a 1 1 * 1 X 24 and 32 h after treatment. 

8 „ dL„« concentrations of endostati, T— <cc.ro,, 

-King f^ exposure to dtfferen q 5 and 0.1 micrograms /ml) are 

2T^-:: 

an8i0Sta ' in ' „ ,. „„ lh e effect of recombinant mouse angiostatin on 

^"ngure^deptctstherestinandresttnM^uCeotldeseauenee. 

t, n The" restin" indite the restin ammo acid sequence, 
shown. The ... a 1Qn assay . 

::":;:r:,:;:-..~ 

30 endostatinwereusedataconcentrattonoflOmgAcg. 
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DET AILED DESCRIPTION OF THE INVENTION 

macco^cewUM.epresen.invenUon.co.posUio.and^s, 

provi ded that are efTecttve for modulating angiogenesis, and inhibiting W - 
angiogenesis, especially angiogenesis related ,0 tumor growth. 
5 T „e present invention specifically encompasses methods of producing 

. -r^llv including angiostatin, endostatin and rest.n, and 

, a in F coli may be contaminated with endotoxin, or may be 

restin when produced m t. colh may uc ^ 

tied,, theprotcnmaybetmproperlyMded). ,ola,ionofthe„a„veforms„ 
h e and often very low an.i-angrogenic aettvtty levels, and also resu.ts ,n low 

L yeas, expression system of the present invention results in ytelds of .0-20 mg 

protein per liter of culture ^ pjchia 

The yeas, express system of the p,s nt , ^ 

veas, strain capable of using methanol as a carbon source. 

post-translational modifications, and tssuttable for large sea 

„• . dibits a high level of heterologous protein expresston. Inone 
20 This system exhtblts a htgh lev a hi5li dine tag motif. However, other 

embodiment the system uses a vector comprising a htsttdme tag m 

i „ i,p utilised and vectors can be modinea 10 
suitable yeast expresston systems can also be utilized and 

« linkers topolynucleot.de sequences encoding proteins are we 

30 specific nucleic acid sequences into a cell. Examples 
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u • r»r non-viral vectors such as ligand-DNA 

5 capable of expressing the protein. 

A .. v ee,or»isa,soreferred,ohereinasare P .ico„ 1 nwh 1 chano l her 

po^nucieottde segment is attached, such as to bnn g about the relation and/or 
l^suchasaptasnttd.achro.osonteoravirus.tbatbehavesasanautonornous 
10 unit of polynucleotide replication within a cell. 

15 some instances, enhancers, ineic 

minimum a„ components whose presence ,s necessary for express, and , n^ 

^perabiyh^^ 

control sequences. . ORF " refers to a region of a polynucleotide 

The term "open reading frame or ORF 

, t^. This region may represent a portion of a coding 

- — :::ri;:r.— 

the control of appropriate regulatory sequences. The boundaries 
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cDNA, and recombinant po.ynucleo.ide sequences. 

Th e «enn ".ransforma.ion" refers .o .he mseruon of an exo enous p y 

5 uptak e transduction or .-mating are included. The exogenous po.ynuc.eoud m a, b 

integr a,ed tn.o ,he hos, genon. _ ^ ^ ^ 

"Recombinant host cells , host ceus, 

,„ l^en.Uiesrefer.ocehs.hrehcanhe.orhaveheen.usedasree.p.en.sf 

ori Pinal cell which has been transfected. 

, „ „ the natural environment if it is naturally oecumng). For 

- ============ 

ftom some or a., of the coexist matena.s in the natura, system, ,s tso.a ed. uc 
, ,„ „ u ,d be part ofa vector and/or such polynueleo.tdcorpo.ypept.de 

wh ,ch ,he po.ynue.eo.ide ,s na,ra.,y assoeia.ed. Tectaiques for punfymg 

ZL.«»*»>^«^» ,aM echromatograp 

30 toata ;lnuc,eo.Lseq U enceandused,hybndi Z e.o.he,rge.nue,o.,desequence 
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• •■ • t fnr nucleotide polymerization catalyzed by either DNA 
and serve as an initiation point for nucleotide poiyi 

polymerase, RN A polymerase or reverse transcriptase. 

A -recombinant polypeptide" as used herein means a, ieast a polypeptide which 
by virtue of its ongin or manipu,ation is no, associated with all or a portion of the 
polypeptide with which i, is associated in nature and/or is linked to a polypeptide other 
tha „ tha, to which i, is linked in nature. A reconrbinan, or derived polypeptide is no, 

in any manner, including chemica, syndesis or expression of a recombinan, expression 

SyStem "Polypeptide" as usedherein indicates a molecular chain of amino acids and 
does not refer ,0 a specfic ,eng,h of ,he produc, Thus, peptides, oligopep„des and 
orceins are included within the def.ni.ion of polypeptide. This term is also m.ended to 
refe r to pos,-ex P ress,„„ modifications of the polypeptide, for example, glycosy lations 
acetylations, phosphorylations and the Uke. "Punfied polypeptide" means a po,ypept, 

50% preferably less than about 70%, and more preferably, .ess than about 90/. of 
cellular components with which the polypeptide of interest is naturally associated. 
Methods for purifying are known in the art. 

The present invention specifically encompasses methods of producing a protein, 
0 which has been named "angiostatin," defined by its ability to overcome the an gl ogen,c 
activity of endogenous growth factors such as bFGF, ft yUn, - by ,.s amino acrd 
seouence homology and structural stmilarity to an interna, portion of plasminogen 
beginning a, approximately plasminogen anino acid 9 8 (see, e.g., U.S. Patent No, 
5 80, 0.2, U.S. Patent No, 5,837,682, US. Patent No, 5,733,876, U.S. Paten, No 

WO 95/29242, WO 96/4. 194 and WO 97/23500). Angiostatin comprises a pro.em 
having a molecular weigh, of benveen ap P r„x,ma,ely 38 kDa and 45 kDa as determined 
„y reducing polyacrylamide gel electrophoresis and having an amino acid se,uence 
substantially similar ,„ tha, of a fragment of murine plasminogen begmning a, ammo 
30 acid number 98 of an intac, murine plasminogen molecule (O'Reilly, M. S., - al, Ce„, 
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79:3,5-328 (,994), the teachings of which are incorporated herein in their entirety by 



reference. 



The amino acid sequence of angiosta.in varies s,,gh,ly between speces. For 
example, in human angiostatin the amino acid sequence is subs,a„,,a,ly similar to the 
5 sequence of the above descnbed munne plasminogen fragment, although an acttve 
human angtos.a.tn sequence may star, at either am.no actd number 97 or 99 of an mtac, 
human plasminogen amino acid sequence. Furthermore, fragments of human 
p,asminogen have simi.ar an.i-angiogentc actwi.y as shown in a mouse tumor mode,. 
,s to be understood tha, the number of amino acids in the active angtostatin molecule 
10 may vary and a„ amino acid sequences tha, have endothehal tnhibtting act.v.ty are 
contemplated as being included in me presen, inven,ion (see, e.g., U.S. Pa.en, No 
5 801 0,2 US. Paten, No, 5,837,682, U.S. Patent No, 5,733,876, U.S. Patent No, 

WO 95/29242, WO 96/4, 194 and WO 97/23500). 
15 Angiostatin is a,so defined as a protein that has a mo.ecu.ar .eight of 

approximately 38 to 45 kDa that is capable of overcoming ,he angtogenic ac,,v,„ of 
endogenous growth facors such as bFGF, i. Mgiostatin is a protein havmg a 
mo,ecu,ar weigh, of between approxtmately 38 kDa and 45 kDa as determined by 
reducing po,yacry,am,de ge, e,=c,rophoresis and having an amino acd sequence 
20 subs,an,ia,.y similar to that of a murine plasminogen fragment begmning at am.no aetd 
number 98 of an intact murine plasminogen molecule. 

The term "substantially similar," when used in reference to angiostatm am.no 
acid sequences mean an amino acid sequence having anti-angiogenic acttvtty and 
having a molecular we.gh, of approximate* 38 VD to 45kD, which also has a h,gh 
25 degree of sequence s,m„an,y, or iden,,,y, to the pept.de fragment of mouse p.asmtogen 
beg,nn,ng approx.mate.y a, ammo acid number 98 in mouse plasminogen and we.gh.ng 

38 kDa to 45 kDa. _ 

-Sequence ,den,i,y," as used herein, refers ,o the subunit sequence s,m„an,y 
between two po,ymerie molecules, two p„,ynucleo,,des or ,wo po,ypep„des . 
30 When a subuni, posi.ion in bo,h of the two molecules ,s occupied by ,he same 
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mo „o m enc subunit, ,,, .fa position in each of .wo peptides is occupied by serme, .hen 
th ey are identical a. that position. The identity between two sequences ,s a d.rec. 
funCon of ,he number of ma.chingor idennca, positions, e.g., if hdf («*. 5 P««o«. 
in a polymer 10 subunits in length), of the positions in two peptide or compound 
5 sequences are identtcal, then the two sequences are 50% tdentical; if 90% of the 

posttions, 9 of .0 are matched, the two sequences share 90% sequence ident.ty. By 
way of example, the amino acid sequences R 2 „R 2 R 8 R, Ws and 
have 3 of 6 posittons tn common, and therefore share 50% sequence tdentity, wh.le the 
sequences K 2 ^M, «* >™ 3 of 5 posttions ,n common, 

,0 and therefore share 60% sequence identity. The identity between two sequences ,s a 
direct functton of the number of matchtng or identtcal positions. Thus, ,f a portton of 
th e reference sequence is deleted in a particular pepttde, tha, deleted section is not 
counted for purposes of calculating sequence identity, e.g., RaWuR^.S W 
R M R 2 R,R„R, 5 "ave 5 out of 6 post.ion in common, and therefore share 83.3% 

15 sequence identity. .end™- 
Identity is often measured using sequence analysis software e.g., BLASTN 
BLASTP (available a, http://www.ncbi.nlm.nih.gov/BLAST/). The default parameters 
for comparing two sequences (e.g., "BlasfMng two sequences against each other, 
Mtp //ww.ncbi.n.m.nih.gov/gor.TblS.h.ml) by BLASTN (for nucleotide sequences) are 
20 reward for match = 1 , penalty for mismatch - -2, open gap - 5, extension gap -1 
When using BLASTP for protein sequences, the default parameters are reward for 
match = 0, penalty for mismatch - 0, opet. gap = 1 1 , and ex.enston gap - 1 . 

When two sequences share "sequence homology," it is mean. tha. the mo 
sequences d.ffer from each Cher only by conservative substitutions. For polypept.de 
25 sequences, such conserva.ive subs,i.u.ions consist of substitution of one amino actd a, a 
gi ven position ,n the sequence for another amino acid of the same Cass (e.g., ammo 
acids that share characters of hydrophobtc.ty, charge, P K or other conforma.iona, or 
chem,ca, properties, ,,, valine for leucine, argmtne for .ysine), or by one or more no, 
conservative ammo acid substitutions, dele,ions, or insertions, loca.ed a. posittons of the 
30 sequence .ha. do no, alter the conformatton or foldmg of the polypeptide to the extent 
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mat the biologtca, activity of the polypeptide ,s destroyed. Examples 

(hy drophi„c, residue for another such as between argmine an. .ystne, between 
(hydroptnl hetween thre0 „i„e and serine; the substitut.on of one baste 

disnlavs the requisite biological acuvny. n 

Homology for polypeptides, is typically measured using seance analysts 
Homology, P JP tthe Gal(!t ic S Computer Group, 

software (e.g., Sequence Analysts Software Pack g o ^ 
Untverstty of Wisconsin Biotechnology Center, 1710 Untverstty Aven 

Also cuwi f 2Q ^ slze as 

Xne term "endostatin" refers ,0 a pro.etn that ,s preferably .8 IcDa to 2 
determined by non-reduced and reduced gel electrophorests, respecttvely. (O 

, r H 88 277 285 (1997), the teachings of which are heretn tncorporated by 
" ' " T t e y I term ndostattn also tncludes precursor forms of the 1 8 

" andwhicharecapahleinhtbttingproliferationofendothehalcells. For 
el ^e'silent subs,utions of ammo actds, wherein the replacement o an ^ctd 
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The N-terminal amino acid sequence 

a 1 1 0S and ending at amino acid 1 124 (see, e.g., u 
ammo acid 1 105 and g 5,776,704, 

*xt ■ s 8^7 682 US. Patent No.: 5,733,8/0, u. a. r 
U.S. Patent No.. 5,837,682, wQ 

xt < aiq 725 U S Patent No.: 5,7yz,»^3 5 ww ^ 
U.S. Patent No.: 5,639,725, u.a. , pauence of the inhibitor 

, a wn Q7/23500) The N-terminal amino acid sequence 
W0 96/41194andW0 97/235UU). pnt found in human collagen 

A, t. an internal 20 amino acid peptide fragment found 
also corresponds to an mtemai z 

encompassed by the presen Angiogenic 

•u a dpt /1 1S98/26057, "Mutants of Endostatin, EMI Having 
Ascribed PCT/US98/260 ^ ^ ^ ^ ^ g> 

Activ , ty and Methods ° f ' » . v^x,***, the entire teachings of both 
of which are herein incorporated m their H . ca , 
actlv , t y of the "wild type" endostatin, or endostatin produce^ b rt» ™ 
Endostatin may be produced from recomb ^ ^ ^ 

■ r pxj a purees using reverse transcriptase /PCK. 

PCT/U S98«o058, "Rcstin and Met^sof U o ^ 

on December 8, 1998, and in its U S S N ;X ? 
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teachings of both which are incorporated herein by reference in their entirety, that have 
the ability to inhibit endothelial proliferation when added to proliferating endothelial 
cells in vitro. Accordingly, these protein molecules and restin mutants have been 
functionally defined as restins, however, it is to be understood that this functional 
5 definition in no way limits the bioactivity of restins to inhibition of endothelial cell 
growth in vitro or in vivo. Many other functions of restins are likely. Restin is a 
proteolytic fragment, and part of the collagen XV family. (See Figures 22-23). The 
restin protein is an approximately 20 kD C-terminal fragment of collagen XV and has 
no affinity for heparin. Also, specifically encompassed by the present invention are 

1 0 fragments or mutants of restin. 

One such fragment, designated "Apomigren", was found to have anti-angiogenic 
activity equivalent or supenor to that of human or mouse endostatin, as determined by 
standard assays. Apomigren comprises the last approximately 85 amino acid residues 
of Restin itself, from about amino acid 97 to about amino acid 181 of SEQ ID NO:20: 
! 5 IYS FDG RDI MTD PSW PQK VIW HGS SPH GVR LVD NYC EAW RT A 

DTA VTG LAS PLS TGK ILD QKA YSC ANR LIV LCI ENS FMT DAR K 
The polynucleotide sequence encoding Apomigren therefore corresponds to about 
nucleotide 289 to about nucleotide 543 of SEQ ID NO:19, and can be amplified out of 
SEQ ID NO:19 with the forward primer 5'-TTT CAT ATG ATA TAC TCC TTT GAT 
20 GGT CGA GAC ATA ATG ACA (SEQ ID NO:25) and the same reverse primer as that 
used for Restin (SEQ ID NO:26). Cloning and expression of Apomigren is done as for 
Restin itself, as illustrated in the Examples below. Apomigren provides an advantage in 
treatment of angiogenic diseases in that increasingly smaller peptides are more potent 
on a weight basis, and may be able to better penetrate tissues. 
25 It will be appreciated that the terms "angiostatin, endostatin and restin" include 

shortened proteins or peptides, referred to herein as mutants or fragments, wherein one 
or more amino acid is removed from either or both ends of endostatin, or from an 
internal region of the protein, yet the resulting molecule retains endothelial proliferation 
inhibiting activity. The terms "angiostatin, endostatin and restin" also include 
30 lengthened proteins or peptides wherein one or more amino acid is added to either or 
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both ends of endostatin, or ,o an interna, .ocation in the protein, ye, the resultmg 
mo .ecu,e retains endotheltal proliferation inhibittng activtty. Such molecules, for 

radroiodination with '"todine for use in assays. Lading w„h other radioisotopes may 
5 be useful in providing a mo.ecu.ar too, for destroying the targe, cel. co„,a,n,ng 
endostatin reeeptors. Other labehng with molecules sueh as ric,n may provrde a 
mechanism for destroying cells with anti-angiogento protein receptors. 

Also included in the definition of the terms "atgiostatin, endostatm and restm 
are modtfications of the protetn, its suhunits and pepttde fragments. Sueh modifications 
10 include substitutions of natural,, occumng ammo acds a, spectfte s.tes wrth other 
mo ,ecu,es, induding bu, not Itmrted to „a,u ra „y and non-na«ura„y occumng ammo 
M ds Sueh subs,i,u,,ons may modify me bioac.ivity of the anti-angiogentc 
produce btologica, or pharmacological agonists or antagonists. Modifiers can also 
include modified amino acids within the protein seance, or modifications to the tntact 
15 protetn se,ue„ce tha, inhibit protease acttvtty, or otherwtse enhance the stab.hty o the 
rotem and decrease protetn degradatto. Such modrfications are welLKnown ,„ those 
of ski,, m the art. See, for example U.S.S.N. 08/988,842, the teachings of whtch are 
herein incorporated by reference. 

Modified proteins are also referred ,0 herein as derivative proteins, or ana,ogs. 
M The term ••derivative" or "analog" tnc.udes any protein/po.ypeptide having an ammo 
acid resrdue sequence substantially identical ,„ a sec,ence specifically shown heretn m 
which one or more residues have been conservattvely substituted wtth a funConally 
similar res.due and which displays the activity as described heretn. Examples of 
conservative substitutions tnclude the substitution of one non-polar (hydrophobtc) 
25 residue such as iso.eucine, valine, leucine or methionine for another, the substitute of 
one polar (hydrophiltc) residue for another such as between argtnine and .ystne, 
between g.utamine and asparagtne, between threontne and senne, the subst.tut.on of one 
basic residue such as .ystne, arginine or histtdine for another, or the substitute of one 
acidic residue, such as aspartic acid or glutamic acid for another. 
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The phrase "conservative substitution- a,so inciudes the use 
den vatized residue in place of a „o,denva,ized restdue provided that such poiypetide 
displays the requisite inhibition activity. 

•■Chemica. derivative" refers to a subject polypeptide having one or more 
5 re$ ,duesche m ,ea, 1 yderiva, 1Z edbyreac,io„ofafunc,iona l side g roup.Suchdenva,,ed 

mole cules include for example, those molecules in whtch free am.no groups have been 
Privatized to form amine bydroch.ondes, p,o.uene sulfonyl groups, carbobenzoxy 
groups ,-butyfoxycarbony. groups, chloroacetyl groups or formy! groups. Free 

,0 festelrhydrazides. Pree hydroxy, groups may he denvattzed tofo™ O-acy or 
O-alM dertvatives. The imidazoie mtrogen of htstidine may be denvatized to torn, 
N ., m enzyihisttdtne. Also tncluded as chemical denvatives are those peptides w tch 
LnolrmorenaturaHyoccurringaminoactdderivativesofthetwentystandard 

amino acids. For exampies: 4-hydroxyproltne may be substituted for pro.me; 

,s dine^ mosenne may be substituted for senne; and orntthine may be subs tu.ed 
Lysinlpoiypeptidesofthepresentinventionaisoinciudeanypoiypeptidehavrng 

one or more addttions and/or deiettons of restdues re.ative to the sequence of a 

analogous to sequences of the proteins described herein, and the nuCeic actd sequences 

be made without substantial altenng the btologica, function of the pro, .n -nog 

re ,a,ive simUanty of side-chain substituents, for example, thetr stze, charge, 
hydropbobicity, hydrophi.icity and the lite. Actions of the type descrtbed may 
ma de to enhance the peptide, potency or stab„i.y to enzymatic breakdown or 
pharmaceutics. Thus, sequences deemed as within the 
3„ nctude those analogous sequences charactenzed by a change m amtno acd res.due 
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s e,uence or type wherein ,he change does no, al.er the fundamental nature and 

fragments and/or fusion proteins. 

A„,i-a„gioge„ic fusion proteins of the present invention encompas a pro e n 

here! as wet. as other a„ti-ang,o g emc molecules known to those of *,» n, t e an. 
alp.eafusionproteinenco.passedhvthepresenttnvention canoe e„eoded by a 

olrises activity of both endostatin and restin, resulting in a reasonable mcrease of the 

restin Another type of fuston proton encompassed by the present mventton can be 
Il P ro,e,„e„codedbyapo,ynuc. TO tidee„codin g .woresti„mo l ecu 1 es,ntan^ 

would have higher activity than the monomenc restin. 

Other examples of an,,-an g iogenic fusion protons of the present ,nve,,o 

b e,„g cleaved tnto the separate pro.ems from whtch they are denved. As used ero 
chemically coupled to another protein to form a conjugate. Examples of con )U ga,s 

molecule to inhibit the growth of blood vessels. As used herein, the term "endothelial 
inhtbtttngacttvity-referstothecapabi.ttyofamoleculetoinhibitang.ogenes.m 

25 general and, for example, to mhibi, the growth or migration of bovtne cap, ary 

Srowtn facors. An an,,-angiogen,c pro.ein, mutant, denvative, fragment or fus, 
rotemofthe present tnvention may be charactered on, he basts of potency when 
:: t lorits.endo,he„annh,b,tingac,ivi,y. Other measures of endothehal .nh.btting 

30 activity are described herein. 
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The anti-angiogenic proteins of the present mventron are effectrve in treahng 
leases or processes tha, are med.ated by, or involve, angiogenesis. The present 

effect.ve amount of an anti-angiogenic protein proved by the methods descnbed 

combmations of proteins that collectively possess an,,-an g ,o g en,c acUvty, or 
activity of anti-angiogenic agonists and antagonists. 

,„ physical condrtrons, mammals (humans or animals) undergo a„ g ,o g e„es,s 

endometrium and placenta. The ten. "endotheUun," me m s a ,h,n .ayer of flat epttheha 
cells that hues serous cavit.es, lymph vessels, and blood vessels. 

As used herein, the term "angiogenesrs-assocrated factor" means a factor wh ch 

elth er -bits or promotes ^^^"^^ 
facor ,s „ angiogemc growth factor, such as basic fibroblast, growth factor (b OF,, 
wh ,ch is an angiogenesrs promoter. Anorher example of an ang,ogenes,s assocated 
factor is an angiogenesis inhibiting factor such as angiostatm. 

Musedherem.fheterm-growth facto, means a molecule that strrnulates the 

growth, reproduction, or synthetic activity of cells. 

The angiogenesis mediated diseases include, encompassed herem but are no, 
limil ed to, sohd tumors; blood born tumors such as leukemras; tumor metastasis; bemgn 

25 pyogemc granulomas; rheumato.d anhntis; psonasis; ocu.ar m g,ogen,c d.seases, 
example, d.abetic retinopathy, retmopathy of prematunty, macu.a, degeneraUon, 
cornea, gran rejecuon, neovascular glaucoma, retrolental f,brop,as,a, rubeosrs; 
Osler-Webber Syndrome; myocardial angrogenesrs; placue neovasculanzafon; 

30 useful in the treatment of disease of excessive or abnormal sumulahon of endotheha, 
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dis ease atheroscterosis, scierodemta, - hypertrophic scars, ^ T 

vl g ascuiarrzation required for embryo tmp.antatton. The protems are a.so 

tumors , ,, tumors that retire for their growth (expanston in volume and/or mas ) 

10 More specify, as used heretn, .he term W — — c ^ 
hyperptastic or prohferative growth or a patho.ogical state of abnorma. cei.u a, 

tum „r mass and size as measured using standard techniques. 

H ADMINISTRATION AND DOSING 

Anantt.ansiogentcproteinproducedbvthemethodsofthepresentmvenon 

mg redient(s). The characteristics of the carrier w„l depend on the route of 

administration. . 

The composite of the present inventton may also contatn other 

and mutants, derivatives, fragments, and anatogs thereof. Thecomposmon y 

act , v ,,y or use ,n treatment, such as chemotherapeutic or radtoacttve agent Sue 
addittl factors and/or agents may he ,„c,uded in the composttton ,0 produce 
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Additionally, administration «*> — °" ° fth ^ stered .„ conjunction w „h a 
administered concurrently with other therapies, e.g., administered 
chemotherapy or radra.ion therapy regimen. ^ 
A protein of the present invention may be active in multimers (e.g., 
5 A protein o P roKins . As a result, compositions of 

,„ administer the --angiogenic protein system,* because 

ang iogen,c protein can compnse a pepttde to targe, P ^ ^ 

(e.g., VEGF to target vasculature). Such targeting molecules 

, r ,c micelles insoluble monolayers, liquid crystals, or lam 
20 - Ue ° US 1^ dicendes, sulfatides, lyso.eeithin, phospholipids, 

M arci TI :::i:e"erapcu,ica,,ye^^^ 

30 — rrr^:^-- 
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aDDlied t0 a com bi„a,ion, the a refers to combined amounts of the active , g 

5 S ' ra *Cc in8ttem e,noa of — '; Kdloa 
mamma! havmg a condition to be treated. The anti-angiogenic protein of the ^ 

appropriate sequence of administenng protetn of the present 

,5 in blood. A thorough discussion is provided in T. Higuchi 

Association and Permagon Press, 1987, hoth of which are incorporated herein v 
«A,oasusedhere,n,prodrugcane„compa S sa„a„,-an gi o g en,cprote.n 

♦v. the nresent invention can be carried out in a 

cu Jous, subcutaneous, intraperitoneal, parenteral or intravenous i.ectio, 
intravenous administration to the patient is preferred. 

3 „ capsu,e, powder, solution or elixir. When administered ,n table, form, 



1440.1031010 



-29- 



such as a geiatm or mi a j QO o/ ft Dro tem of 

«y orcein of the present invention, and preferab.y from about 25 «o P 

When a therapeutically effective amount of protem P 
administered by .ntravenous, eutaneous or subcutaneous mjection, prote.n of the pres 
admimsterea oy narent erally acceptable aqueous 

regard to pn, c rllta neous or subcutaneous injection 

pharmaceutica. compos.Uon for mtravenous, cutaneous, o 

should contatn, ,n addition ,0 protein of the present uwentton an tsoton 

,„ Sodium Chlonde Injection, Lactated Rtnger^s Injection, or other veh.cle 

30 
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comp os,,,ons used < ^ ^ o t micrograms (o ab0 „, , 0 mg , 

0.0. microgram » about 00 < ^ ^ 

5 more preferably about 0.1 myograms to about mg) 

per kg body weigh,. phamac eutical composition of the 

The duration of ntravenous therapy using v 

• , flr mtraperitoneal, intrasternal, subcutaneous and 

include intravenous, intramuscular, mtrapenton 

• ■ rfinfinion Pharmaceutical compositions for parenteral 

of suttable acueous and nonaqueous earners, dduents 
water,e,hano,,po 1 yois(such^ 

olive oil) and mjec.able organie esters sueh as ethyl o.eate. Pr p 

I isif ing agents and drspers.ng agents. Prevent oftheact.on of 
wetttng agents, emu.s fyrng ag ^ ^ 

3. rr.^---"- i »* ,fc - i,bfc 
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Prolonged absorption of the injectable pharmaceutical form may be brought about by 
the inclusion of agents, such as aluminum monostearate and gelatin, which delay 
absorption. Injectable depot forms are made by forming microencapsule matrices of the 
drug in biodegradable polymers such as polylactide-polyglycolide, poly(orthoesters) 
5 and poly(anhydrides). Depending upon the ratio of drug to polymer and the nature of 
the particular polymer employed, the rate of drug release can be controlled. Depot 
injectable formulations are also prepared by entrapping the drug in liposomes or 
microemulsions which are compatible with body tissues. The injectable formulations 
may be sterilized, for example, by filtration through a bacterial-retaining filter or by 
10 incorporating sterilizing agents in the form of sterile solid compositions which can be 
dissolved or dispersed in sterile water or other sterile injectable media just prior to use. 

The compounds of the present invention may be used in the form of 
pharmaceutical^ acceptable salts derived from inorganic or organic acids. By 
"pharmaceutically acceptable salt" is meant those salts which are, within the scope of 
15 sound medical judgement, suitable for use in contact with the tissues of humans and 
lower animals without undue toxicity, irritation, allergic response and the like and are 
commensurate with a reasonable benefit/risk ratio. Pharmaceutically acceptable salts 
are well-known in the art. For example, S. M. Berge, et al. describe pharmaceutically 
acceptable salts in detail in J. Pharmaceutical Sciences (1977) 66:1 et seq., which is 
20 incorporated herein by reference. The salts may be prepared in situ during the final 
isolation and purification of the compounds of the invention or separately by reacting a 
free base function with a suitable organic acid. Representative acid addition salts 
include, but are not limited to acetate, adipate, alginate, citrate, aspartate, benzoate, 
benzenesulfonate, bisulfate, butyrate, camphorate, camphorsufonate, digluconate, 
25 glycerophosphate, hemisulfate, heptonoate, hexanoate, fumarate, hydrochloride, 

hydrobromide, hydroiodide, 2-hydroxymethanesulfonate (isethionate), lactate, maleate, 
methanesulfonate, nicotinate, 2-naphthalenesulfonate, oxalate, pamoate, pectinate, 
persulfate, 3- phenylpropionate, picrate, pivalate, propionate, succinate, tartate, 
thiocyanate, phosphate, glutamate, bicarbonate, p-toluenesulfonate and undecanoate. 
30 Also, the basic nitrogen-containing groups can be quaternized with such agents as lower 
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alky, hahdes such as methyl, ethyl, propyl, and butyl chlondes, bromides and tod.des; 
dialkyl sulfates like drmethyl, diethyl, dibutyl, and d.amyl sulfa.es; long chatn hahdes 
sueh as decyl, lauryl, myristyl and stearyl chloride, bromides and iodides; arylalkyl 
halides like benzyl and phenethyl bromides and others. Water or oil-soluble or 

5 disperse products are thereby obtained. Examples of acids which may be employed 
,0 form pharmaceutic* acceptable acid addition salts include such inorgamc acrds as 
hydrochloric acid, hydrobromic acid, sulphuric acid and phosphoric acid and such 
organic acids as oxalic ac.d, maleic acid, succinic acid and citric acid. 

Topical administration may be suitable for wound healing and tissue reparr. 

, 0 Therapeutically useful agents other than a protein of the mvention which may also 
optionally be included in the composition as described above, may alternately or 
additionally, be admmistered simultaneously or sequentially with the composite rn the 

methods of the invention. 

Polynucleotides encoding the anti-angiogenic proteins, mutants, denvatrves, 
, 5 fragments and fusion proteins of the present mvention can a,s„ be used for gene therapy. 
The use of gene therapy is supported when a steady supply (e.g., chronic supply) of the 
anti-angiogenic protein is desirable. Such polynucleotides can be introduced e.ther m 
vtvo or ex vivo into cells for expression in a mammalian subject. For example, a 
suitable vector containing the polynucleotide encoding the anti-angiogenic protem can 
20 be introduced into the bone marrow, muscle, liver or join, (in the case of rheumatond 
arthritis, when the protein would be expressed in the synovia, fluid,. Methods of gene 
therapy are know ,0 those of skill in the ar, (see for example, U.S. Paten, No 5,398,346, 
the teachings of which are incorporated herein in their entirety). 

Polynucleotides of the invention may also be administered by other known 
25 methods for introduction of nucleic acid into a cell or orgamsm (including, without 
.imitation, in the form of vira, vectors or naked DNA). Alternatively, cells can also be 
cultured ex vivo in the presence ofproteins of the present invention m order to 
proliferate or to produce a desired effect on or activrty in such cells. Treated cells can 
then be mtroduced into the mammal, wherein the anti-angiogenic proteins are expressed 
30 for therapeutic purposes. 
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Pro ,e,„s of the mvention may also be used to immumze antntals ,o obtatn 
polyclona. and m o„oc,o„a. antibodies wntch specially react w„h the prote,. Such 
..bodies m ay be obtained using e.ther the entire protein or fragments thereof as an 
.mmunogen. The peptide immunogens addtttonally may contain a cysteine restdue 

5 the carboxyl terminus, and are conjugated to a hapten such as keyhole hmpe. 

hemocyanin (KLH). Methods for synthesize such peptides are known ,„ the art, for 
example, as in R- P. Memfteld, , Amer. Chem. Soc, 35, 2,49-2,54 (.963, , U 
Krstenansky, * aL, FEBS Let,. 211. 10 (1987). Monoclonal an.tbodtes bmdtng «h 
prot ein of the tnvention may be useful dtagnostic agents for the immunodetect.on 

,„ pro tein. Neutrahztng monoCona, a„,,bod,es bindtng to ,h. protetn may also be usefu 

some forms of cancer where abnorma, expresston of the protem ,s mvolved. ,n 

of cancerous cells or leukermc cells, neutraliztng monoclonal antib,d,es agatns. the 

proteinmaybeusefuHndetectingandpreventtngthemetastattcspreadofthecancerous 

15 cells, which may be mediated by the protein. 

Methods for performtng the uses listed above are we,, known ,„ those sktlled ,n 
the rt References disdosing such methods include without limitation "Molecular 
Cloning: A Laboratoty Manual", 2d ed„ Cold Spring Harbor Laboratory Press, 
Sambrook, ,, E. F. Frttsch and T. Mantatis eds., ,9S9, and "Methods ■„ Enzymology; 

20 Guide to Molecular Cloning Tecluuques", Academic Press, Berger, S. L. and A. R. 

Kimmel eds., 1987. 

The present invention is illustrated by the following examples, whtch are 

intended to be limited in any way. 



EXAMPLES 
25 EXAMPLE 1 : CELL LINES 

C-PAE a calf pulmonary artery endothelial cel. line, and ECV304, a human 
endotheha, ce„ line, were obtatned from ATCC (American Type Culture C— 
,0801 Umversity Boulevard, Manassas, VA, 20, .0-2209, USA). The C A e e 
maintained in DMEM and ECV304 i. M 199. both supplemented wtth 10/. 



was 
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calf serum (PCS, .00 U,m, P^lh, ,00 s/m. of * » ^ 
L-glutamine. HUVE (Human umhihca, ve.n —a, ceh n ) and HMVE 
Avascular —a, cel. (,u„ g , cel, ,me, were purged from Clonet.c 

• t tq a ^ Hi IVE cells were maintained in EGM 

• • m a/ml 0 5 ml), and amphotericin (50 g/ml). The 
B / m n 2% FCS, gentamicm (50 mg/mi, u.a nu;, r 

10 from InV.trogen (San Die g o, Ca.iforn,a, USA,. Res.rict.on enzymes and V n, DNA 
TJrerase were purchased from New En g ,and Bio Laos (Beverly, Mass—, 
S7^.-CCN0,CC L , 86 ,andW 1 ,S ( ATCCN0,CC L - 7 5,, h um, 

fibroblast were also purchased from ATCC. 

EXAMPLE 2: CLONING AND EXPRESSION OF MOUSE ENDOSTATIN INTO 

using Vent DNA polymerase. The endostattn pB ACPakS vector wa 
for PCR amplif.cat.on. The pnmers used were as follows: 
,n GGC ATA-TGC-ATA-CTC-ATC-AGG-ACT-TT-3' (SEQ ID NO:4> 

20 5 -GG£AiA_KJk iA „ A . rT , , SE0 ID NO:5). PCR was 

5'-AAC^AGCTA-TTT-GGA-GAA-AGA-GGT-3 (SEQ ID N ) 

• , t for 30 cvcles each cycle having the following parameters: 94 C 
carried out for 30 cycles, cdi.ii ^ amplified 

„a n°r extension, for 1 minute each. The ampimea 
denaturation, 60°C for annealing and 72 C extension, 

j • r\TArmirk PCR purification kit ana men 
DNA fragment (555 bp) was f^lls then lighted into a predigested 

25 digested with Mfel and Jftol. The digested tragm 

~, Liu Frvxell DK & Ramaknshnan, S. 
expression vector P ET17bhis (Dhanabal, M., Fryxell, U.K.. 

Jmmuno, Methods 1*2:165-175^^^ 

HMS 174 host strain. Positive clones were sconced on both strands. Thedesir 

f * into BL2KDE3) for expression. The expression of 
clones were finally transformed into BL21(Ufc^ f 
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• • th P nFT svstem was earned out as described by the 
recombinant protein m the pET system 

manufacturer. recombinant protein (Figure 

An Ni-NTA agarose column was used to purify the recombina p 

t n inclusion bodies was solubihzed in 8 M urea and purified under 
6A ). Protein present ,n inclusion b ^ ^ ^ 

5 denaturing condition as desenbed by 0 ReiUy I 

Jn Vasios,G.,Une.W,.,F»ynn,H., Behead, i.R.,0,sen,B.R. & 

H 9 97. Cell 88-277-285). SDS-PAGE analysis showed a discrete band at 
Folkman, J. (1997) Cell 88.277 ) 
9? 24 kDa under non-reducing conditions (Figure od). 

complexes ^ dialyK(J against 

decreasing concentrates of urea, and fmaH.alys s p folded 

viTO , the procedure followed was exactly that used P 

■» , / rrYReillv M S., Boehm, T., Shing, Y., Fukai, n., va 
15 ^0'Re,ny^W.M q olkinanU1997)Ce „ ,8:277-285). 

•„ , ; rn-Rpillv M S., Boehm, T., Shmg, Y ., ruK«u, , 
20 O'Reilly rffl/.,(OReiUy,M.s., 8 8:277-285) 

W S Flvnn E Birkhead, J.R., Olsen, B.R. & Folkman, J. (1997) 

r t rminal Hi. Tag on endostatin destroyed its biological activity, 
indicated that a C-terminal HiS.Tag 

tnt pu, a 19 kDa protein, was generated wuu * 
Therefore endostatin mutant, EM 1 , a i * F 
le.et.onfrorntheC— .eav.nsaU 4 of „e cysteine res,dues,n,ac 

tragm en,s ,525 bp for EM 1, 501 bp for EM 2, were 
,„ * I ,and llg a t edin t oapred, g es t edpET28(a,express,onvee,or. Theresto 
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f me bacteria, pe„e, were carr.ed ou, as descnbed eisewhere (ORediy, M S Boe^, 

& Foikman, J. 0997, CeH S.277-285,. The pupation of — protem was 
5 P erfo m edus mg aN,NTAeolu m „in te presenceo f 8M Ure aa S descn b ed 1 „ he 

L, (8M Ure a, ,0mM Trts and iOOmM sCum phosphate buffer P H S.« for o e 
hou r a, room temperature. The suspension was somcated 3-4 — ^ 
10 Jpunf,edus 1 „ gth e Nl -NT A co 1Um ,No„-s P ee i ncpro t e 1 ns b o m do,e 

0, M acetic acid. The purified proteins were refoided according to the method 

described above. 

15 EXAMPLE 3: EXPRESS.ON OF MOUSE ENDOSTATIN fN VCHU PASTORJS 
^ pP,CZ«A is shown in Figures , and 2. The sequence encodmg mouse 
^ostatinwasfurthermodrfiedhyPCRusingVentDKApoWmerase.^amphfied 

■*\ The nPTCZaA vector carries an alpha tactor 
yeast expression vector (Figure 3). The pPlLZCCA 

•♦v, „ y^rin marker for antibiotic selection. Initial 
70 secretion signal sequence with a Zeocin martcer lor * 

LoJonwasdonetntheToptChoststrai, The resuitan, Cones were screened 

^andusedforhomoiogousrecombrnationrntotheyeasthosts^nGS .Tne 
^formation was earned ou, by the hthium ch.onde method as desc* , the ^, 
25 expression manual The recomb.nan.s were seiected by piating on YPD plates 

tested for expression. ,;„,ii,,r 

The expression of mouse endos.attn in Urge scale was camed out m 
baffl ed shaker flasks. The overnight grown cu.ture (A,.,, 2-6) was used to mocuiate 
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. . B „ nask 500 ml of buffered glycerol medium was added. Cells 
, iter flasks. To each 2-l«.r flask, 5 ^ ^ ^ 

W ere centred a, 5000 rpm ^ lhe se c,e,ed 

ftCWaPa5Wro ' rniepreLeofalpha factor signal sconce fac.Ha.es 

yeast clones with tagh levels of express,™ 

pr „,ein (20 kDa) with a peak level of expresston noted on the 

15 induction. 

EXAMPLE * P—10N OE MOUSE ENDOSTATIN: HEPARIN-AGAROSE 

CHROMATOGRAPHY domain 
Monseendostattnhtndstoahepanncolumnthroug heh^ann S 

•« , ; rn'Reillv M S., Boehm, T., Shmg, Y., Fukai, in., 
"^.Ch ^ -.Olsen.B.-olkntan.M-.CeU 
20 G, Lane, W.S., Flynn, E„ B purification. The crude 

88.277-285). Hence, a heparin-agarose co.umn was used P 

25 Hour interval. The d.alyzed sample was further Hercules, CA, 

,„„r(YM10) A disposable polyprep column (Bio Kao, n 
Amicon concentrator (YM 10). A , mu ,, ibrale d with 10 mMTris, 150mM 

USA) was packed with heparinagarose res.n and ******* of 20 

N n ,„H 1 4) The concentrated sample was loaded on the column ft. 

NaCl (pH 7.4). ^ eqinlibral , on buffer 

ml/hour using a peristals pump. The column 
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,-, , he A was <0 001. The bound pro,e,„s were eluted by a step-wise gradient of 
until the A 2g0 was u.uu 

N aCI(03.0.6,..0ana2.0MNAC,). The peak fractions from 0.6 M to 1 .0 M 

, , nst PBS dH 7 4 The concentration of protein was measured by 
pooled and dialyzed against PBS pn 7.4. ,:„ nnmcess 
L BCA assay (Pierce Chemical Co., Rockford, ,L, USA,. The purification process 

<; was nerformed in a cold room at 4°C 

Flgu res 7 A and 7B show the elution profile and SDS-PACE analysis of punfied 

pro ,e,„ Two d, S ,inct peaks were obtained with mcreasing concentrations of NaCI 
^ „ r e7A,. ThefirstpeakatO.aM.aOwa.s-lwhencompared.them.orpeak 

at06MNaCl. Elution with 1 M NaCl did not show a distinct peak. Mos,of*e 
10 endostatinproteinbound.othecolumnasshownbythe.ackofthepro.ininte 

nw W*ac,ion(P. g ure7B, The recombinant protein bound ,.g 

AsmaUamountofendostatinwaselutedf.mme column a,0,MNaC,(F g «7B, 
A,„ 6 MNaC,,a„thebou„dpro,einwase,u,ed(F, g ure7B,. The protetn Cut dfrom 

otherhostdenvedhighmolecularwcshtprotein. ^^"^ 

and upon reduction rmgrated a, 22 kDa. The protein fractions eluted at 0.6 M 
"a«p„o,ed, concentrated and dialyzed agains, PBS pH 7.4 Thepunfied 
^e,„ was further separatedby PPLC using aSuperose ,2 si^separaUoncolumn. 
20 Leiutionprofilefromthiscolumnshowedasing.epeak. ^ 

expression was estimated to be in the range of 1 5-20 mg/L 

prote ,„ bound to the heparin-agarose co!umn and was e,uted a, 0.6-1 M Nad 

EXAMPLE S: CLONING AND EXPRESS.ON OP HIS.ENDOSTATIN ,N THE 

PICHIA EXPRESSION SYSTEM 

vector is preceded by a His.Tag (10 histidine residues). By DNA-PCR 
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10 



reg ,o„ induding the His.Tag sequence was shuttled mto pPlCZaA vector. The 
lineanzation and recombinatton into the yeas, hos, strain OS, , 5 were done as descnbe 
above The cell free medium was precipitated with ammonium sulfate (70% saturate). 
The precipitated pro.etns were dissolved in 50 mM sodium phosphate buffer pH 8.0 
containmg 300 »M NaCl and diaiyzed in the same buffer at 4"C following three changes 
a, 6-8 hour intervals. A nickel agarose column (Ni-NTA) was used for purificahon of 
Hi. endostatin recombtnan. protein. The punftca.ion was performed as descnbed ,n the 
QIA expressionis, manual. The bound proteins were eluted with a step-wise imidazole 
gradient (10 mM, 25 mM, 50 mM, and 100 mM). 

The elution profile of His.endostatin from the Ni-NTA column showed that the 
recombtnan, protein bound tightly to the column (Figures 8A and 8B). The yeas, 
derived host proteins in the cu.ture supernatant did no, bind to the co.umn and were 
removed during ,he wash. Bound proteins were elu.ed by a s.epwise gradten. of 
.midazole (figure 8A). The „on-specif,ea..y bound hos, derived proteins elu.ed wtth 
,5 ,he addition of 10 mM imdiazole. A. 25 mM imidazole, a small frachon of me 

recombtnan, pro.ein was eluted along with proteins of higher molecular wergh,. final 
elurion with .00 mM imtdazo.e showed a distinct peak. SDS-PAGE analysis (Figure 
8B) of the eluted proteins showed that the flowthrough fractton did not contatn any 
endostatin, indicating tha, most of the pro.ein bound to the column. Increasmg the 
20 concen.ra.ion of imidazole ,0 .0 mM and 25 mM resulted in .he elation of non-spectftc 
protem A protein with a molecular weigh, of 22 kDa was seen a. 100 mM along w,«h a 
smaller amount of pro.ein corresponding ,o 44-46 kDa. The concentrate of punned 
protein was de.erm.ned by .he BCA method. The level of expression was es.tma.ed a. 
15 mg/L culture. 

25 EXAMPLE 6: CHARACTERIZATION OF RECOMBINANT ENDOSTATIN. 

To further characterize the recombinant protein, N-terminal mtcrosequencmg 
was camed ou, for seven cycles at the Harvard microsequencing facility. In addttton, a 
polydona. antiserum to mouse recombinant endostatin was raised by immuntztng a 
rabbi, with .0 micrograms of purified protein derived from the P,ckia expresston 
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,190/ SDS-PAGE. The proteins were transferred to 
separated on 12 /oSUbf a rAllS M The primary antiserum 

fpr (Trans-blot, Bio-Rad, Hercules, CA, USA). V 
semi-dry transfer (Trans bioi, Goat 

, ♦ 1 AOOO in U TBS buffer containing 5 /o non tax a y 
was diluted to 1 .4000 m ^ 
5 a nti-rabbit IgG/HRP conjugate was used as secondary 

^unoreactivitywasdetectedbychemi— -(PierceC 

1UUSA) - • „ a that the yeast alpha factor signal peptide was 

10 protein after srgnal pept.de cleavag ffio , chem . 

protem (Rehn, M.. H,n«a, E., * P^an, m X 0 ^ ^ 

2 69 : B929-13935). The firs, two res.dues (EF) were 

EXAMPLE 7: ENDOSTATIN POLYCLONAL ANTIBODIES AND WESTERN 
BLOT ANALYSIS. endostatin derived 

^ from the western blot ranges irom ± 
The size of the protein estimated from ^ & 

positive response only ^ ^^.^ ^ ^ presence of the His.Tag in the recombinant 
any , mm „noreac„v,t, - ^ ^ ^ ^ 

pro ,e,„.Thean„seru m d,dno,hc y spec , fic ,„ e„dos..,n. 

angiostatin, demons.rat.ng some degree j ^ ^ 2 

25 lram unoreac,,i.y of the poiyc.ona, antibody was aiso observed 

proteins. 



15 
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Tta bi„,og,ca, activity of recombinant end statm wasd 

• ff ,t nf endostatin produced in the yeast system w 
Th e an«i-pro„fera,,ve effec ^ P ^ ^ ^ 

5 (C-PAE). The eeUs were plated 2 con(aining 2% FBS. After a 

m i c r„grams, m » a, ,2,500 ce,,s per we,, ,n 0.5 m ^ ^ ^ 

. ot 17°C the medium was replaced witti irebi 
24 inCUbat ;° f upGF (R * D System. —is, MN. USA) wtth or w.thou 
contammg 3 ng/ml ° ^ c „ s were pulsed with , C, of 'H-thyrnidine for 24 

— ' T ;:l swe r wasKed^e.i.es^PBS. The 
10 n0 „,s. Med.um was asp.ra.ed » *e md 

- dbyaddnron ^ ^ was determm ed w it h a 
incubated at 37"C for 30 mmu.es. Cell-assocta 

,U,uid scin.iilauon counter. proli feration was seen with 

A dose dependent inhibttton of bFGF * ^ ^ ^ 

^c- The inhibition range (3U-V4/oui^ 

,5 punned endostatin (F.gure V). raicrograms , m , ,o ,0.0 micrograms/m,), 

— —sofe»d„a As , milarirtnbltory effeeto„ 
with an ED 50 va,ue in the range of 600-700 ng ^ ^ 

The biological activity ^ bacu i 0 virus system with 

reB ard to the ED 50 va,ue. Wtth bac,,o ^ ^ ^ ^ va , ue of 

was observed a. 600 ng/m, or greater. y „ d|d not inhibit the 

60 0-700„g/ m ,. A,so, endostatin a«h,ghdoses(>,00 m ,rog 

growth of the 786-0 ce„ line. 

To determine the ability t 
chambers (Neuro Probe, Inc., Cabin John, MD, USA) 
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trypsmization, the cells we chamber 

,t .00 000 cells/ml in Medium 199 containing 0.5 /oFBS. 
diluted to 300,000 cells/m The upp er chamber were 

rn ^ with Medium 199 containing 25 ng/ml bFGF. lne upp 

, wn^mlOl At a concentration less than 1 
tha , was maximal at 20 micrograms/ml (Figure ,0). 
mic rograms,ml, marginal inhibition ofmigration was seen. At 10 microgr 
20 inhibition of endothelial cell migratron was 60%. 

EXAMPLE 10: CAM ASSAY ^ D i oc k bFGF induced angiogenesis in vivo was 

Th* ability of mouse endostatin to block bfur in 

The ability o Fertilized white Leghorn 

chickeneggs(SPArAS,inc, containing 
■mil dav 1 1 in a humidified incubator at 38 C. Pellets 
25 allowed to grow un.,1 day 1 1 , a ^ ^ ^ ^ 

supplemented with: a) veh.cle alone, ) VEO ^ ^ ^ ^pQp and 

endostatin (20 and 0.5 micrograms/pellet, respective y) 
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^linaen mesh was assessed by injection ui 
of „ew capniar.es on the collagen mes ^ ^ ^ 

^tdosta^^^ 

„* dllB) The inhibWon was dose-dependent with a plateau a. 

, 0 5 mi crog— h. Bloc . Jn , he CAM „, endostattn 

(47%) than the suppresston of the IK* P 

a, 20 micrograms/disc tnhihi.ed angrogenests mduced by bFGF. The eff«, o 

the CAM assay showed stronger potency on a molar basts than the 
endostattn on the CAM assay ^ ^ ^ 

endostatin and a new in vitro assay for ,<s efficacy. 

EXAMPLE 11: NEUTRALIZATION OF ENDOSTATIN INHIBITORY EFFECT. 

endothelial proliferation assay, the endostatm P 

_ j , , r paF cells Pre- mmune serum was useo db 5 
antiserum and then added to the C-PAE 

„„„„,. maddhion.punfted.gOwasalsousedasacontrol. Thecells 

th 'H thymidine for 24 hours and cel. associated radioaetiv.ty was measured as 
wft H-.hym.dtne „ dostalin (10 micrograms) and ant.serum 

25 described previously. For the CAM assay, en 

(5 „ micrograms, were pre-.ncubated overnight end-over-end , « pn 
, „„ of the pellets Controls for these experiments .ncluded IgG 

indicated above. 
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Figure .2 demonstrates that the inhibitory effee, of endostatin ean be suppressed 
by incubation whh speeifte antiserum. A„,i-e„dos,a,in blocked the suppressive effect 
by , 5% . The P re-, mm une serum alone did not have a sudatory effect nor dtd normal 

rabbit IgG. 

5 EXAMPLE 12: INHIBITION OF PRIMARY 786-0 TUMOR IN NUDE MOUSE 

MODEL. , . 

Six- to eight-week-old male beige nude mice were Injected sub-cutaneously ,n 

the right flank with 2 million 786-0 cells in a 100 microliter volume. Tumors appeared 
approximately two weeks after tmplantatton. Tumor size was measured ustng eahpers 
10 and tumor volume was ca.eu.ated using a standard formu., The tumor volume ranged 
from 350 mm 3 to 400 mm 3 . The animals were randomized and each group had five 
mice with tumor size comparable within and among the groups. Treatment was started 
with recombinant endostatin (bacteria, or yeas, versions) with each mouse receivmg .0 
mg/kg body weigh, of recombtnant protein dat.y, administered for a period often days 
,5 via intra peruonea, injection. Control animals received PBS each day. Tumor stze m 
all groups was measured on alternate days and tumor volume was calculated. The 
activity and behavior of d» animals were moni.ored during .his period. The treatment 
was terminated on day 10 and anrmals were sacrificed and tumors from each mouse 
removed and fixed in 10% buffered formalin. 
20 For the mutant s.udy, each mouse received 20 mg/kg body wetgh. of .he protetn 

datly for two weeks mtraperitoneally. The tumor volume ranged from 150-200 mm . 
Wild type endostatin, also produced in the P ET28(a) vector, was given a, 20 mg/kg 
body wetgh. for the expenmen, as a positive control and PBS was given as a negative 
control. 

25 On the fifth day after treatment there was a difference between control (963 

urm 3 ) and treated (endo yeast, 405 mm 3 ; endo bacteria, 442 mm 3 , and Hts.endo, 462 
mm 3 ) A 2 5-fold decrease m tumor volume was observed on the fifth day after 
treatment between the controls and treated (Figure 1 3 A). The growth of the tumor was 
suppressed in all the treatment groups: a slower growth rate was seen compared .o the 
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con.ro! group. Bacterial (His.Tag) or yeas, denved (with or without His.Tag) endostat.n 
a, a dose of 10 mg/kg all worked equally well. On the tenth day after treatment, the 
, um or volume in the control animal was ,490 mm', whereas in the treated group „ was 
found to be in the range of 480-570 mm 3 (p<0.005>. The administration of endosta.m 
5 did no, inhibit the grow,h of the tumor completely; bu, the grow,h of the tumor slowed, 
maintaining a marginal increase in tumor volume during that period. 

A second set of experiments with endos,a,in and mutanls EM 1 and EM 2 at a 
dosage of 20 mg/kg body weigh, were tested in an RCC mode!. The tumor volumes 
after 1 1 days of treatmen, are shown in Figure 13B. Nine days after .reatment, ,he 
,0 difference be,ween groups was apparent. On the eleventh day after treatmen,, ,he tumor 
volume in the conlrol group (397 mm 3 ) is approximately twice the size of the two 
treated groups of endostatin (182 mm 3 , or EM 1 (259 mm 3 ,. However, on the same 
day the ,umor volume of the EM 2 treated group (389 mm 3 ) was similar ,o that of the 
control group (397 mm 3 ). Significance was a, the 90% confidence level between the 
15 EM 2 and endostatin groups and 95% confidence level between endostatin and control 
groups Dropping the value of the largest and smalles, tumors on day 1 1 in each group 
increased the confidence level to 95% between EM 2 and EM 1 and between EM 2 and 
endostatin. The EM 1 protein therefore, retained the native biological acttvtty of 
e„dos,a,,„, whereas EM 2 did no,. The marked deference in efficacy be W een the ,wo 
20 mutant endostatin proteins also show that endostattn and no. a possible comamman, ts 
th e active molecule giving an anti-angiogenic effect. Moreover, the mutan, pro.em data 
point, ,o ,he importance of 8 residues (SYIVLCEE) surrounding and includmg ,he las, 
cysteine as critical for endostatin activity. 

With regard to its ability ,o inhibit the growth of a primary tumor, irrespective of 
25 the source of protein either non-refolded or native pro.ein had comparable inhibitory 
profile. Moreover, the presence of a His.Tag sequence in yeas, derived pro,e,n dtd no, 
affec, the biological activity. Though .here was significan, difference in ,umor volume 
between con,rol and .reated mtce, the tumors in the treated group continued to grow 
slowly during the trealmen, period. On the tenth day after treatment, when 
30 administration of endostatin was stopped, the tumor grew rapidly and within a week the 
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averag e s.ze of the tumors was compare ,o controls. In .he first study w,th redely 
large tumor volume, we were unable ,0 ,„duce tumor dormancy. The effects of 
endostatin (and its mutants) were subsequent., tested on tumors rangmg from , 50-200 
mm 3 and also tncreased the dosage to 20 mg/kg body weigh,. Under these condmons 
5 tumor growth was inhibited, although tumor dormancy was no. observed. 

EXAMPLE 13: CLONING, EXPRESSION, AND PURIFICATION OF HUMAN 
ENDOSTATIN IN PICHIA PASTORIS 

The sequence encoding the carboxy termtnal portion of human collagen XVIII 
was amplified from a human feta, ktdney (HFK) cDN A Itbrary ustng Vent DNA 
10 polymerase. The primers used were; 5-TTT GAATIC GCC CAC 

GAC TTC CAG CCG GTG CTC CAC-3' (SEQ ID NO:>2, and 5'-AAA AG££GC 
CGC CTA CTT GGA GGC AGT CAT GAA GCT GTT CTC AAT-3' (SEQ ID NO:,3> 
^d on human collagen XVII! sequence (Oh , aL (.994, .9:494-499). 
Amphftcatton was carried out for 30 cyc.es with the fol.owtng parameters: 94 C for 
, 5 denotation, 60»C for annexing, and 72°C for extension, each for . mtnu.e. The 

^plifieO fragmen. of 549 bp was purified using .he QIAquick purification kt, Qtagen, 
Hilden, Germany), digested wtth EcoKl and Noll (these restriction sites are underhned 
in the above primers). The resulttng fragment was ligated into a pre-digested yeas, 
expression shu,,le plasmtd (pP.CZaA, Ftg. I), and .ransformed into «*. P^oris 
20 Posittve Cones were sequenced on both strand, Transformation, recombinatton and 
action were carried ou, as described for mouse endostattn by Dhanaba. - „/. (1999) 
(Bfo *, Biophys. Re, ». 258:345-52), and in U.S^^UcaUo* 

Vikas P. Sukhatme, fi.ed December 8, 1998, the enlire cachings of which are 
25 incorporated herein by reference. 

The expression of human endostatin in large scale was carried ou. ,n 2-h.er 
baffled shaker fiasks as desenbed for mouse endostatin, and the supematan, con,mmg 
seerced recombinant protem was processed as desenbed by Dhanaba, * al (.999) 
{Blochem . BiopHy, Re, « 258:345-52), and in PCT/US98/26057, "Mutants of 
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Endosta t in, 'EMI' Having Anti-Angiogenic Activity and Methods of Use Thereof by 
Vikas P. Sukhatme, filed December 8, 1 998, and in its IJA^eagwUoo U.S.S.N.. 

. *WOXJO«, the entire teachings of both of which are incorporated heretn by 
reference. It was concentrated by 70% ammonium sulfate precipitation. The 

5 precipitated protein was dialyzed against 50 mM sodium phosphate buffer, P H 7.4 
containing 50 mM NaCl. The purification of human endostatin was carried out us.ng a 
heparin-agarose co.umn. The protein sample was loaded on the column ustng a 
peristaltic pump. The column was washed with 50 mM phosphate buffer con.amtng 50 
mM Nad followed by the same buffer containing 100 mM NaCl. Bound proteins were 

, o eluted by stepwrse elution using 0.2 M and 1 M Nad. The peak fractions from the 1M 
NaCl elutant were pooled and dialyzed against PBS buffer (pH 7.4). Protetn 
concentration was measured by the BCA assay (Pierce Chemical Co., Rockford, 
Illinois, USA). 

Initial small scale expression showed a maximum level of expressron on the 
, 5 second day after induction. Endostatin was expressed as a soluble protein 20 kDa. A 
heparin-agarose column was used for endostatin purification. Figures 14A and 14B 
show the elution profile and SDS-PAGE analysis, respec.ive.y of the purified protetn. 
,„ this study, human endostatin bound less efficient* to the heparin-agarose column, as 
compared to mouse endostatin. Hence, the btndmg was performed in 50 mM NaCl 
20 followed by washes at 0.1 M NaCl; final elution was performed with 0.2 M NaCl and 1 
M NaCl Two distinct elution peaks were observed. A 10 ml aliquot from selected 
factions was used for analysis of purity of the eluted pro.em. The crudeprotem was 
relatively pure with some host-derived protein as contaminants. Trace amounts of 
protein were eluted from the co.umn a, 0. 1 M NaCl. Protein eluted from the 0.2 M 
25 NaCl fraction also had a trace amount of endostatin, despt.e the A 280 readmg. The 
protein eluted at 1 M NaCl was relatively pure and migrated on a 12% SDS-PAGE gel 
at 20 kDa which upon reduction migrated more slowly. The protein fractions eluted a. 1 
M NaCl alone were pooled, concentrated and dialyzed against PBS, pH 7.4. Thrs pool 
was further size separated using a Superose 12 column (FPLC), from whrch a stngle 



1440.1031010 

-48- 



elution peak was ob.amed. The level of expression was est.mated by the BC A assay ,0 
be approximately 10 mg/L culture. 

EXAMPLE 14- CHARACTERIZATION OF HUMAN ENDOSTATIN 

Initial characterization of human endostatin was done by N-termtnal 
S mi crosequenc,n g for eight eycles, and showed proper processing of the yeas, alpha 
factor signal peptide. The firs, eight residues (EFAHSHRD) matched exactly the 

Ler science. Sequencing of hoth the strands matched completely the pubhshed 
sequence of human collagen XV,U. The human and mouse endostafn protem show 
10 85% identity and 93% similarly at amino acid level, demonstrate a htgh degree of 
homology and structural conservation (Sasaki - (.993) E^oJ. <* 
the cysteine residues are completely conserved, as well. 

EXAMPLE 15: WESTERN BLOT ANALYSIS 

The —activity of human endostatin ,„ purified rabhi, polyclonal antibody was 
, 5 analyzed by western blot. Punned polyclonal antibody (IgG) raised against mouse 

anUserum to mouse recombinant endostatin was rarsed by immunizing a rabbt, wrth 0 

Recombmant endostatin expressed from me yeas, system was separated on a A 
20 SDS-PAGE gel. The protetns were , referred ,o PVBF membrane- h, semr-d, - e r 
(Trans-blot.Bio-Rad, The pnmary antiserum was diluted ,o ,4000 m 
containing 5% non-fat dry milk. Goa, an,i-rabbi, IgG/HRP conjuga.e was used as a 
secondary an.ibody (1:5000). ,mmunoreac,ivi,y was de.eCed by chemtluminescence 
Pierce Chemical Co., Rockford, Illinois, USA). 

ResuKs show ,ha, the immunoreacUve bands correspond.ng to mouse and uman 
endostatin. Signal detected from 300 ng of human endos,a,in was eqmvalen, ,0 
0 f mouse endos.atm. The size of the protein estimated from the western blo. was 
kDa No s,gnal was seen wi,h an antibody direc.ed agains, mouse ang,os,a,m. 
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no. shown any cross-reactivity ,0 human and mouse angiostatin, demonstranng 

specificity to endostatin. 

EXAMPLE 16: EFFECT OF ENDOSTATIN ON ENDOTHELIAL CELL 

5 PROLIFERATION 

T „e abi,„y of human endostatm ,0 inhibit .he pro.ifera.ion of C-PAE ce„s was 

„ a, (1,99) (» BiopUy, Res. «. 258:345-52), and m PCT/US98/26057, 
.. M ut».s of End„s,a.,n, 'EMI' Havmg An.,-Angioge„ic ACvi.y and Medrods of Use 
>,0 Thereof by Vikas P. Sukhatme, filed December 8, .998, and ■„ .^U**^ 
V S S N XX/XXX.XXX .he en.ire teachings of both of which are incorporated herem 
by reference. Subseouent.y, HUVE and HMVE-L cel.s were used ,0 eva.uate the 
alproliferauve effec. of human endos„i. Human endotheha, ce,.s were seeded a. 
x ,0* in 1% FCS cells per we., in a 24-wel. p.a.e coated with fibronecfn (10 
15 micrograms,™.). The ce.ls were stimulated with bFGF (3 ng/m.,, with d.fferen, 

oouclttons of human endostattn added a, the same ttme. The cel.s were mcubated a. 
3 rC for 24 hours, followed by a 3 H-,hymidine pu.se of 1 micro Ci for 24 hours. 
Medium was asptrated, ce.,s washed three «mes with PBS, and then so.ubi.ized by 
addition of 1.5 N NaOh (.00 m,cro„,rs,we.» and mcubated a, 37°C for 30 mmu.es. 
20 Cel.-associa.ed radioactivity was measured with a scintillation counter. 

Human endostatin showed no inhibitory effec, m C-PAE cel.s, whereas mouse 
endostatm showed a dose-dependen, «bi,,on of these same ce,.s. Human endotheha, 
cells (HUVE and HMVE-L) were then used, and Figs. 1 3 A and .3B show the dose 
dependent inhtbition of bFGF-induced proliferation in the presence of mouse and 
25 human endostatin. For both types of ce„s, bFGF a. 3 ng/m, was used as a sttmu.us. 
Each value ,s a mean of tnphcate cultures from a representative experiment and error 
bars represen. standard delations. DNA synthes.s in the control culture was cons, ered 
as ,00%. Shaded and Ugh, bars represen, mouse and human endos,a,,n, respecuvel, 
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human endos.atin in these cells was m the range of 5.0 to 7.5 m S 

0.5 micrograms/ml to 10 micrograms/ml. 

FXAMPLE 17: CELL CYCLE ANALYSIS 

dium The ce..s were harvested by Ionization and seeded ,n,o 
,0 hours in complete medium. The cells w , mU Each well was seeded with 

„ ,ll nlate coated with fibronectin (10 micrograms/ml). Each wen 
a6-wellplatecoateow t u ^ no/ml of bFGF. For the dose-response 

„. 2 x 10' cells in 1% FCS supplemented w,.h 3 ng/m, of bFG 
sludy different concentrations of human endostatin were added and «h 

15 methanol, ^^^^^^^n 
PBS buffer contatmng » FCS and 0,% Tween-20, *>°»«**^ 8 

., • n s ml of the above buffer to which RNase (5 
mi nutes and resuspended m 0.5 ml of the 

, ix AAeA RNase digestion was earned at 37 U lor i nu , 
uucrograms/ml) was added. RNase dig g 

bystammgwithpropidiumtodtdeCSmtcrograms/ml). Thecel, 

„■ , • FACStar Plus flow cytometer (Becton Dtckmson, Waltham, 
20 Becton Dickinson FACStar Plus no , ., ui „ different phases of the 

u ,«HSA1 For calculating the percentage of cells in ditterentp 
Massachusetts, USA). Forca g 10 micrograms/m. 

rellcvcle the ModFit software was used, roruic 

• a .ded and cells were harvested at different time pouts (15, 18, 

„ , imr oo and WI-38 were used in the cell cycle analysis. 
25 fibroblast cell lines 1MR-90 and Wl contacl . in hibited cells were in S 

At time 0 hours, 4.5% of the "growth arrested contact inhibi 

trea ,men« with 20 g/m, of endostatin, the percentage of cells ,n S phase 
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baseline Ados e- de pende„.in h , b iuonwas S ee„wi,hi„ CT eas mg c„„ce„ tral ,o„sof 
baseline. A oos ,„,wli a l cells (IMR-90 and WI-38) treated 

endostatln (0.5 g/m! to 20 g/ml). In „on-endo.hel,al (IM 
with human endos,,,n, .he percent .fee* in S ^e was unaffected (Ftgures 

5 ^ 1 order to determine the earliest ttme point a, whieh e„d„,at,n exerts its 

hum an endosta.tn.as conducted. Figure 16D showsthe time course effect of uma 
ldos,a,,n,a„d,ndtcates,ha„hee f feetofhuma„e n dos,t,nca„hesee„asear ly as, 5 

hours after treatment in HUVE cells. 

® 

T , a i rcii tt TRF FORMATION IN MATRIGEL 
in FXAMPLE 18: ENDOTHELIAL CELL TUBE POKMAi 

the gel followed by different concentrations of recombinant human endosta,,. The 
":swere,„euh,edforS.o,0hoursa,3 7 Xina 5 %CO 2 h um ,d, f ,eda m os P he, 

final magnification of 200x. 

■ cion^firantlv inhibited with endostatin 
Endothelial cell tube formation was significantly innio 

/ml Tn the control cells, tube formation was continuous and 
on treatment at 10 micrograms/ml. In me comrui ^ , 

con ,ras,,the m eandiame,er„fendos.ti,,re,ed tubes was 

freq „en, .nterruptions. ind.cating the effect of human endostattn on endotheha, 

formation. 



15 



25 



EXAMPLE 19: ANNEXIN V-FITC ASSAY 
P hos P holipid P bos P hat^ 

th e outside (van Engeland * al. (1998) Cy^ry 31:1-9; Zhang * al. (1997) 
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Bl0lecl „ 1Itl „es 23:525-3, ; Koopman e, „. (.9,4, 84,4.5-20). PS, and .herefore 
ap „p,os,s, can be de,ec,ed by string wi.h an F.TC conjugate of Annex.n V a 
calcium-dependen, phospho.ipid bindmg pro.e.n of 38 k Da that bas a b,gb affint.y 
PS PS can genera,!, be de.ec.ed prior .0 b.eb formation and DNA fragment, 
5 ' Briefly 200,000 cells were pla.ed on.o a fibronec.in-coa.ed 6-well pla.e m EGM 
m ed,um con.atning 1% FCS and 3 ng/m. bFGF. Different concen„a,,ons of human and 
m ouse end„s,a.in were added .0 .be we.is, and cel.s were harvested and processed 
Hours after treatment. Human recombinant TNF-alpha (40 ng/m.) was used as a 
positive con,rol. The ce.ls were washed in PBS and resuspended tn binding buffer (.0 
,„ mM HEPES/NaOH, P H 7.4, .40 mM NaCl, 2.5 mM CaC 2 ). Annextn V - F.TC was 
add ed .0 a fina, concen.r,ion of .00 ng/m., and .he cells were incuba.ed ,n the Car, f 
,0 mtnutes, .hen washed agam in PBS and resuspended in 300 m. of bindmg buffer. ,0 
microliters of propidium iodide (P.) was added ,o each samp.e prior .o flow ey.ome.nc 
ana,ysis. Data analysts was performed wnh .he s.a»dard CeU Ques. software 
, 5 (Becton-DtCinson, Waltham, Massachuse,,, USA). The q uadran. settings were se, so 
th , .be nega.ive con.ro. aUowed ,ess .bar, ,% positivfty. No„-endo.heba, ce,.s .MR-90 
aud W.-38, were .reated with human end„s.a.in (.0 micrograms/m.) and processed as 
described above. 

E„d„s.a.,n a. 10 micrograms/ml showed a dis.inc. shift in Annex.n fluorescence 
20 i„.ens,.y wi.h a more pronounced effect no.ed in .be HMEV-L ee.,s. The mean 

fluorescence mtenstty difference between c„n.ro. and treated cells was stgntftcan, (p - 
0 01) a. 10 micrograms/m, of endostatin. The shift in fluorescence intensi.y was s,m,.ar 
for endostatin a. ,0 micrograms/m, and me positive con.ro, TNF-a.pha (40 ng/m,). 
Concentrations of endostatin be.ow , microgram/m, dtd no. show any sigmfcan, 
25 Annextn V positivi.y. ,n,eres,in g , mouse endos.a,in did no. show any increase m 
Annextn posi.ivtty in «hese ceUs, but in C-PAE and BAE ce„s, i, showed comparab.e 
fluorescence staintng as ,b, seen in HUVE cei.s in me presence of human endostatin 
(Dhanaba, e, a,. (,999) J. Biol C»e m . 274:„72,.6). Wt.h regard .0 non-endo.heha, 
ce„s ,MR-90 and W,-38, no annexm posi.ivi.y was seen. Based on ,bese resu.ts, 
30 endostatin action appears .o be se,ec,ive for endo.he.ia, cells. S.milar da.a have been 
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ob ,ai„ed with mouse endostatin in C-PAE ce,.s (Dhanaba, , aL < . 999) , Bio,. CA~ 
274:11721-6). 

EXAMPLE 20: CELL MIGRATION ASSAY 

Previous experiments showed tha, C-PAE cells did no. migrate in response to 
5 D FGF and VEGF, so ECV304 cells were used to assess the ab„„y of human endostatm 
t0 Hock bFGF mediated migration. The migration assay was performed us,„g a 12-wel. 
Boyden chemotax.s chamber (Neuro-probe, Inc., Cabin John, MI) with a polycarbonate 
membrane ,25 x 80 mm, PVD free, 8 pores, Poretics Corp., L.vermore, Cahfomta 
USA) The non-specific binding of growth factorto the chambers was preventedby 
,0 coating the chambers w,«h a solution containing 0.5% gelatin, 1 - CaC> 2 , and ,50 
ruM Nad a, 37°C overnight. ECV304 cells were grown in ,0% FBS 
ne/ml Oil (1 r-dioc.adecyl-3,3, 3 -,3'-tet ra me«hylindocarboc y amne perchlorate D.IC18, 
Molecular Probes, Eugene, Oregon, USA) overnight and washed with PBS contacting 
„ 5% BSA. Following trystnization, the cells were counted using a Coulter-Counter Zl, 
,5 (Luton U K.), and diluted to 300.0CK) cells/ml in Medium 199 containmg 0.5"/. FBS. 
The lower chamber was filled with Medium ,99 containing 25 ng/ml hDFD. The upper 
chamber was seeded wtth , 5,000 ce„s/we„ with d.fferent concentrations of recombmant 
endostatin. Ce„s were allowed to migrate for 4 hours at 37»C. The ce„s on the upper 
S urfacc of the membrane were then removed with a ce„ scraper and the (nugra.ed) cel. 
20 on the lower surface were fixed in 3% —hyde and washed with PBS. Images of 
the fixed membrane were obtained ustng fluorescence microscopy at 550 nM 
digital camera and the number of cells on each membrane was determined us.ng the 
OPTIMAS v.6.0 software. Each treatment was done in duplicate, and recombmant 
mouse endostatin was used as a positive control. 
2, A dose-dependen, inhibition of mtgration was observed. In each well, the 

number of cells migrated was counted in three different areas and the average obtatned. 
The results are shown in Figure .7, which is a bar graph. Each value is a mean from 
representee experiments and error bars represent standard deviations. S.gmfican, 
levels of inhibition were seen ,. .0 nticrograms/ml and 5 micrograms/ml. A, 
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colons of less than 0, micrograms^,, »* nrargina, <* ™*^ 

a led HUVE cells we, .hen tested under Identic. conditions which also 

™ obse ™ - .. ,„ the case of HUVE cells, the cells were 
showed a comparable response profile. In the case 

allowed to migrate for 16 to 20 hours. 
5 E XAMPLE2 1: EUSAT,TERDETERMINAT,ONFORANG,OSTAT.N 

15 m ,„ u ,es,and,„e— cereada,405nM. Mouse and human ang,os,a.,n snowed 
roughly equivalent results. 

a^PLr.^-tCK."""""™™™""™"""™ 1 ' 

" u r::r..^---»->-'-'::r; 

ammonium sulfate precipitation (70/.). The precp. 

u i h,,ffer dH 7 4 and dialyzed overnight at 4 C (three cnang 

an Amtcon concentrator (VM ,0). A Bio-Rad column was packed w ,h Lysin 
? T buffer P H 7 4 The concentrated sample was loaded on the column ustng a 
' P ™ico,umn was washed with curhbration buffer unttlthe A 280 was 
penstal.ic pump. The co,um ^ ^ 

<0.001 . The column was again washed with 1U coiu 
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bu ffer P H 7.4 containmg 200 mM NaCI. Recombtnan. an g iosta,in prote.n was elute 
J! me-amino.,,capro,cac,d, P H7.4. Fr ac t ,„„s centals si^ficanU^un, of 
la— by — ^S D ,P A C E a MlySiS w ere poo,eaa. , 
a gal ns, PBS, P H 7.4 for ,4- 36 , Protein concentration .as measured by the BCA 
; assay (Pierce). AU the purification process was performed in the cold room 4 C, The 

C0 ' Umn C -PAE ce.ls were seeded a. 12,500 per weU on a ge.atin-coa.ed plate in low 
serum Cells were allowed to adhere overn.gh. at 37'C. Spent medtum was removed 
0 IIw,owsen 1 mmed,umcon,a,nin g 3„ g/ m,of W GFwasadded. Different dtluttons 

hout s They were then harvested, and the incorporation of thymidine was measured. 
Tilts are shown ,n F, g ure 20, which is a graph showrng DNA synthesis ,s shown on 

dropped with increasing concentrations of angiostatm. 

EXAMPLE 23- EFFECT OF ANGIOSTATIN IN A RENAL TUMOR MODEL 

,86-0 Approximately 5 miUion cells ,n 200 m, of phosphate buffered saline were 
20 Llatl.heflan.ofeachmouse. 

""logra m sofpunr,edrecom b man,mousean,osta,in ( , mg . g )^ 
given to each animal tntraperitoneally on a datly basis for 3 weeks. 

EXAMPLE 24: EXPRESSION OF ANGIOSTATIN IN THE PICH.A EXPRESSION 

25 SYSTEM 

The mouse angiosta.in cDNA Cone and tts sequence were provided by the 
ATCC (Amencan Type Culture Collection, 1080, University Blvd., Manassas, V A, 
USA) clone MPL8-2000 (plasm,ni g en encoding plasmid). Two pnmers were made 
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v a AC A AT TCG TGT TGT ATC TGT CAG AAT GT-3' (SEQ 
from this sequence: 5 -AAG AAT ICO iui 

ID N 0:31> and ,-AGC GOC CGC CTA CCC TCC TGT CTC TGA-3' (SEQ ID 

N0 32> The human angios.atin cDNA clone and its sequence were provided by .he 
5 ATCC (Amencan Type Cuhure Collection), done PKSK067. Two pnmers were made 

■ c AAG AAT TCG TGT ATC TCT CAG AGT GC-3' (SEQ ID 
from this sequence: 5-AAOAAl n.u „„ m 

NO-33, and ,-AGC GGC CGC CTA TTC TGT TCC TGA GTA-3' (SEQ .D ,0:34,. 

Clonmg and expression of both angtostatins in the modtfied Pichia yeas, 
expression system were done as described herein (see Figures. 21 A-B). 

10 EXAMPLE 25: RESTIN: 

Isolation of carboxy terminal portion of Collagen XV: 

The following CDNA libraries were used as template for DNA-PCR. 
K562 - erthyroid library 
JMN - human mesothiolioma 
HFK - human fetal kidney library 
786-0 - human renal cell carcinoma 
MAB - human adult brain 
293 - control 

Pnmers corresponding to "C" terminal portion of Collagen XV NC-. domain 
M (Fig.22, and the amino acid sequence of Restin is shown in Eig. 23) were syntnestzed 
from GIBCO-BRL. 

TTT^TT GAA^TTC ATT TCA AGT GCC AAT TAT GAG AAG CCT GCT CTG 

CAT TTG (SEQ ID NO:21) 

25 Downstream primer: ^ i(APTr TTT 

AAG AAT GCG GCC GCT TAC TTC CTA GCG TCT GTC ATG AAA CTG TTT 

TCGAT(SEQIDNO:22) 



15 



1440.1031010 

^™ -57- 




DNA-PCR was earned out using standard protocols. Briefly, 100 ng of DNA 
ten each cDNA librae was used as template. The amplication conditions were 94T 
x 1 min 65°C x 1 min., and 72°C x 40 seconds for 30 cycles. 

The 540 bp amphfted fragment, hereafter named "RESTIN," was purified and 
5 digested with & cR> and *,I. Cloning of Collagen XV into the Ptchia expresston 
vector (pPICZaA, commercially avatlable from .n V.trogen, San Diego, C A„s shown 

pPICZaA was a,s„ dtgested with the above restriction enzymes and hgated w„h ft. 
Restin fragment, Inttta, transformation was carried out with the host stram Top OF . 
10 Posttive clones were seaweed to confirm the modification. The p.asmtd was then 
.ineartsedwtth^enzymeandusedforhomo.ogousrecomhtnatton.ntotheyea.hs, 

strai „ GS 115 v,a hthtum chloride transformatton. The recombination was earned ou, 
as described in the Pichia expression manual. The colonies were allowed to grow for 
two days at 30°C on YPD/Zeocin plates. Clones which grew on Zeocin were select^ 

manufacturer (InVitrogen, San Diego, CA, USA). 

EXPRESSION OF RESTIN IN PICHIA EXPRESSION SYSTEM: 

A smgle colony was inoculated from YPD/Zeocin into 25 ml of BMGY/Zeo 
(1 „„ ug/ml) tn a 500 nr, baffled Has, The culture was grown a, 30°C in a shaking 
20 incubator (250 rpm) unttl the culture reached an OD„ of 2-6 (approxtmately .6- 4 
nours) The cells in the log phase of growth were used in a , .00 dflution to moculate a 

culture. 500 ml of BMGY medium was added, and the cells were grown ma 
2 „ter baffled flask and the culture reached an OD 600 of .5-20 (2-3 days). The cells 

were harvested by centrifugation at 5000 rpm for ,0 mmutes at room 
25 superna, a n,wasdecan,ed,andthece,,pel,e,resus P ended,n300-400m,ofBMMY 

medtum to mduce expresston of the recombinant protein. To maintain mductton ,00, 
me ,hanol was added to a final concentratton of 0.5% every 24 hours. Supernatant was 
cofleced on the second, thtrd, and fourth days after inductton, and analyzed for protem 
expression by Coomassie stained SDS-PAGE. 
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sulf a,e. The precipe protein - J ^ „ 4 „ c . The 

5 final d,a.ysis was done w„h 10 mM W, 
was packed w„h 5 ml of Hepann-Sepharo* (~ 

,045m ^ T h ee, U ,,ono t — p^swasc^d.VS.ep-w,, 

lh e protein did no, b,„d .o the colum, Lowenn ^ ^ 

bind ,0 the heparin column. Hence we 
mol ecu.e a, the amino .erminus to simplify punfcauon. 

^ u,e TAG RESTIN RECOMBINANT PROTEIN: 
CONSTRUCTION OF H.S.TAG RE TIN ^ ^ 

2 „ vector pPICZaA was digested w„h ^ y ^ ^ 

^ an.ea.ed pnmer was l, g ,ed tnto ^ ^ ^ ^ 

overnight. The hgase was heat-h—d at C ^ ^ 

» M removed using Glass Max purification coium . 

bv PCR and 

♦ • TonlOF' The recombinant clones were screen 
2 5 using the host stnun Top • ^ confirmed by 

restncuon enzyme analysis. The presence of H 1S .Tag 

sequencing. pICZaAmis Restm was Uneanzed with Sad and 

TherecombmantpPICZaAm,. fd protocols . 

recombl nat,on was earned out usmg the stram GS1 15 usmg 
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Figure 26 shows the 



activity ofrestin in the cell migration assay 



herein, and Figure 
herein. 



27 shows the activity ofrestin in the tumor 



assay describe elsewhere 



.also be produced as restin was pro. 



duced 



■rrm-.--.-— 

10 sc „pe of .he ,nven,ion encoded by the appended c.auns. 



